The objective of this study was to use pinhão derivatives, starch and coat extract, as new natural ingredients to develop cosmetic formulations. Two types of formulation, gel and emulgel, and their controls were developed. The formulations were characterized by stability studies using thermal stress. The parameters analyzed were resistance to centrifugation, pH, spreadability, rheology, content of phenolic compounds and antioxidant activity. Sensory analysis was also performed to verify the acceptability of the ingredients to potential consumers. The pH was kept the same after heating/freezing cycles for all formulations, and the formulations showed stability by resistance to centrifugation. The formulations did not induce any skin irritation or cutaneous pH alteration. The pinhão starch addition improved spreadability stability and increased viscosity when compared with control formulations. The pinhão coat extract used in these formulations is a good source of phenolic compounds and antioxidant activity. Moreover, sensory analysis indicates that the emulgel formulation is the best vehicle for adding pinhão starch and pinhão coat extract.
Introduction
This work focuses on the tendency to use natural ingredients in cosmetic formulations. A proposal was made to add pinhão derivatives to cosmetic formulations. Pinhão is a regional seed widely consumed in the local cuisine but not yet explored as a raw material for cosmetic formulations. The pinhão seed is from Araucaria angustifolia, a pine tree that grows in southern Brazil. Currently, the A. angustifolia tree is protected by the Brazilian environmental law, and the producers are encouraged to improve conservation and industrialization techniques, commercialization and use of pinhão to avoid the cutting of the pine tree (Figueiredo-Filho, Orellana, Nascimento, Dias, & Inoue, 2011; Santos, Corso, Martins, & Bittencourt, 2002) . This policy also has a positive environmental impact because the policy supports the use of a regional product that often ends up being treated as a waste due to improper storage, rudimentary harvest or excess production. For this reason, research that emphasizes the sustainable use of pinhão can further assist in Brazilian conservation efforts that encourage rational and moderate consumption of the crop (Daudt, Külkamp-Guerreiro, Cladera-Olivera, Thys, & Marczak, 2014) .
Pinhão seeds have starch as the main component, containing approximately 36% on a wet basis (w.b.) and nearly 72% on a dry basis, and the coat of the seed contains phenolic compounds (Cordenunsi et al., 2004) with antioxidant activity. These two components of pinhão seeds may be used as raw materials to develop new innovative products with a special potential in the field of cosmetics, where the demand for new functional natural ingredients is growing continuously due to the proven antioxidant activity of the pinhão coat extract (Koehnlein et al., 2012; Silva et al., 2014) combined with the potential of the pinhão starch to be used as a viscosity agent and sensory enhancer. Using pinhão coat extract in gel and emulgel formulations instead the raw coat could provide the phenolic compounds presented in the coat in a softly way. The raw coat could turn the cosmetic unpleasant to use because of the rough pieces. There were reported an increase of phenolic compound in the seed when it is cooked, confirming that phenolics migrate from the coat to the seed in presence of hot water (Cordenunsi et al., 2004; Koehnlein et al., 2012) . Also, the pinhão coat extract contains flavonoids and tanins as the major phenolic compounds and can provide antioxidant activity (Souza et al., 2014) ; there are another studies contemplating the use of natural extracts in cosmetics, like http://dx.doi.org/10.1016/j.carbpol.2015.08.038 0144-8617/© 2015 Elsevier Ltd. All rights reserved. green tea, byproducts from winery industry, chestnuts and others (Balboa et al., 2014; Hong, Jung, Noh, & Suh, 2014) .
The development of cosmetic formulations, including prediction of stability and evaluation of sensory parameters, is of fundamental importance. Due to the dynamics of the cosmetic market, development of new products must be fast, and accordingly, stability prediction is usually determined using accelerated storage conditions (Tadros, Izquierdo, Esquena, & Solans, 2004) . Accelerated studies using temperature stress are a good tool to induce rapid chemical and physical alterations in the formulations as a prediction of what could happen when the temperature varies during storage. Through the accelerate study is possible evaluate formulations characteristics before and after the thermal stress and observe if occurred important changes in the formulations or if they still have the similar characteristics they had when they were developed. This study varying temperature could change viscosity and/or solubility, the ease of creaming, coalescence, melting of waxes or hydration of polymers. These changes can be detected by quantification of some components over time and by measurement of rheological properties before and after thermal stress. The rheological behavior also indicates system quality, usefulness and physical and structural stability (Guaratini, Gianeti, & Campos, 2006; Lippacher, Müller, & Mäder, 2004; Špiclin, Homar, Zupančič-Valant, & Gašperlin, 2003) . The stability of cosmetic formulations can be also evaluated through other physicochemical and structural parameters, as pH, actives activity, phase separation, flocculation, coalescence, and so on (Borella, Ribeiro, Teixeira, & Carvalho, 2010; Casteli, Mendonç a, de Campos, Ferrari, & Machado, 2008; Gianeti, Gaspar, de Camargo Júnior, & Campos, 2012; Korhonen, Hellen, Hirvonen, & Yliruusi, 2001; Lapasin & Pricl, 1995; Tadros et al., 2004) .
Another important approach is sensory analysis, a multidisciplinary science that covers the measurement, interpretation and understanding of the human responses to product properties detected through the senses. In the cosmetic industry, sensory evaluation data have been used as a part of marketing decisions, and sensory evaluation data have been demonstrated to be of considerable importance in the development of cosmetic products designed to delight the consumer's senses. Sensory evaluation data have been used to determine the acceptance of a particular product and also to optimize an existing product (Jog, Bagal, Chogale, & Palekar-Shanbhag, 2012; Martens, 1999) .
Based on the previous considerations, the aim of this study was to evaluate pinhão starch and pinhão coat extract as raw materials for cosmetic formulations, testing the effects of their addition to a gel and an emulgel formulation. The products that were obtained were compared with basic formulations made from the same ingredients, but without pinhão starch and pinhão coat extract. There were evaluated the different characteristics provided by these ingredients through tests in vitro and in vivo, including stability to temperature stress and sensory analysis of the formulations.
Material and methods

Materials
The pinhão seeds used in the present study were obtained at a local market (Porto Alegre, RS, Brazil), washed in running water and dried at room temperature for 24 h. The clean dried seeds were frozen in polyethylene bags and stored at −18 • C until use. Sunflower oil and potassium sorbate were purchased from Delaware (Porto Alegre, RS, Brazil); cetostearyl alcohol was obtained from Viafarma (São Paulo, SP, Brazil); ceteareth-20 was obtained from Alpha Química (Porto Alegre, RS, Brazil); carbopol 940 was acquired from Henrifarma (São Paulo, SP, Brazil). All other chemicals and solvents used were of analytical or pharmaceutical grade. All reagents were used as received. Pinhão starch and pinhão coat aqueous extract used were extracted as described below.
Pinhão extraction: seed starch and coat extract
There were used 10 kg of pinhão seeds for the extractions. The starch extraction protocol described by Bello-Pérez et al. (2006) and modified by Daudt et al. (2014) for raw seeds was performed in this study. Aqueous extraction without organic solvents was used to obtain the pinhão coat extract with phenolic compounds. The pinhão coat was previously ground in a Willey Mill (Model no. 2, Arthur Thomas Co., USA) and water was added (15 g coat/100 mL water). The coats (with water) were place into a thermostatic bath (Q226M2, Quimis, Brazil) at 50 • C for 60 min with stirring at 100 rpm. Then, the extracts were filtered and stored in a freezer (−18 • C) until used.
Preparation of semisolid formulations
Pinhão starch and pinhão coat extract were used to prepare an acrylate gel formulation (named pinhão gel (PG)) and an emulgel formulation (named pinhão emulgel (PE)) containing the same acrylate polymer. Control basic formulations named control gel (CG) and control emulgel (CE) were also prepared. The formulations are described in Table 1 .
Formulation CG was obtained by slowly adding hot water (75 • C) to Carbopol 940 until the polymer was completely dissolved. Potassium sorbate solubilized in water was added as a preservative. The base of PG was prepared in the same way until the step of addition and dissolution of Carbopol 940, and subsequently, starch and potassium sorbate were added simultaneously, taking care not to form clumps during blending because pinhão starch gelatinizes at high temperatures. The pinhão coat extract was added when the mixture reached 40 • C. For both formulations, the pH was adjusted to approximately 7 using a solution of sodium hydroxide (NaOH 20%). The neutral pH is necessary to make the Carbopol 940 polymer in a gel form. The gel formed was homogenized using an Ultra Turrax (T25 Basic, IKA ® Works, Inc., USA) at 3000 rpm.
Emulgel formulations were prepared from gel and emulsion components prepared separately. The gel formulation was prepared according to the procedure described in the previous paragraph. For preparation of the emulsion, the oily phase (sunflower oil, cetostearyl alcohol, ceteareth-20) and the aqueous phase (water, potassium sorbate and pinhão starch in the PE formulation) were heated separately up to 75 • C. Then, the aqueous phase was poured into the oily phase (after total dissolution of both phases one by one) and the mixture was maintained under constant agitation at ambient temperature. In the case of the emulsion to be used in the PE formulation, the pinhão coat extract was added during the cooling process when the temperature of the emulsion reached 40 • C. Finally, the emulgel was obtained by mixing the emulsion and gel parts at a 1:1 weight ratio and then passing the resulting mixture through Ultra Turrax (T25 Basic, IKA ® Works, Inc., USA) at 3000 rpm for homogenization.
Stability tests
After 24 h of preparation, the semisolid formulations were placed in transparent borosilicate glass containers and submitted to a stability test through a stress testing (ICH, 2003) . The samples were submitted to 6 cycles of heating/freezing. Each cycle consisted of 24 h in an oven (A3, De Leo, Brazil) at 40 • C, followed by 24 h in the refrigerator at −4 • C. The parameters analyzed for each sample before and after the temperature stress cycles were resistance to centrifugation, pH, content of phenolic compounds, antioxidant activity by ABTS (2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), spreadability and rheological parameters.
Resistance to centrifugation
The resistance to centrifugation test was conducted in a centrifuge (Eppendorf 5417R, USA) using 1 mL samples (3000 rpm, for 30 min, at 20 • C). For the evaluation of the occurrence of instability phenomena, samples were considered stable when there was no change in their physical aspect. Creaming, sedimentation, coalescence and phase separation were taken as indicative of physical instability of the formulations (Segall et al., 2004) .
pH
The pH values were determined using a 10% (w/v) solution of semisolid formulations at room temperature (Borghetti & Knorst, 2006) . The solutions were homogenized in a magnetic stirrer (752A, Fisatom, Brazil) for 15 min, and the measurements were made using a previously calibrated digital pH meter (DM-22, Digimed, Brazil).
Content of phenolic compounds
Pure methanol was used as solvent for extraction of phenolic compounds (1 g sample/10 mL methanol) (Cordenunsi et al., 2004) . The samples (with solvent) were placed into a thermostatic bath (Q226M2, Quimis, Brazil) at 50 • C for 30 min with stirring at 125 rpm. The extracts were centrifuged for 15 min at 5200 × g in a refrigerated centrifuge (CT5000R, Cientec, Brazil) at 25 • C and then filtered.
Total phenolic content in the extract was determined using the Folin-Ciocalteau reagent as described by Singleton and Rossi (1965) , with some modifications. First, 40 L of the extract (sample), 3.2 mL of distilled water and 200 L of Folin-Ciocalteau reagent in that order were added to a Falcon tube. Then, the mixture was stirred and left at rest in the dark for 5 min, with subsequent addition of 600 L of saturated sodium carbonate solution (20%). The reaction was performed at room temperature for 1.5 h, with the absence of light. Catechol was used as a standard, and the results were expressed as equivalent mass of catechol (mg EC) per mass (g) of sample. The absorbance was measured at a wavelength of 750 nm (Cordenunsi et al., 2004) in a UV spectrophotometer (UV-1600, Pro-Analysis, Brazil).
Antioxidant activity by scavenging of ABTS radical
Formulations samples were diluted in methanol at three different concentrations and centrifuged (15 min, 4 • C, and 5200 × g) in a refrigerated centrifuge (CT5000R, Cientec, Brazil). The supernatant was analyzed using a modified version of the method described by Re et al. (1999) for determination of total antioxidant activity by capturing the free radical ABTS •+ . ABTS was dissolved in water to obtain a 7 mM stock solution. ABTS radical cations (ABTS •+ ) were produced by reacting ABTS stock solution with 4.9 mM potassium persulfate, at the stoichiometric ratio. The reactive mixture was left at rest for 12-16 h and then diluted with ethanol until an absorbance of 0.70 (±0.05) at a wavelength of 754 nm was obtained. For the reaction, 30 L of sample was mixed with 3 mL of radical and the absorbance was measured on a UV spectrophotometer (UV-1600, Pro-Analysis, Brazil) 30 min after sample addition. The results are expressed as TEAC (Trolox Equivalent Antioxidant Capacity) (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) in mol TEAC g −1 of sample.
Spreadability
The spreadability was evaluated by using a glass plate mold with a central circular orifice (diameter = 12 mm). The plate mold was placed on a supporting glass plate with a piece of graph paper and a light source underneath. The glass plate mold orifice was then completely filled with sample, and after leveling the sample surface, the plate mold was carefully removed and a glass plate of predetermined weight was put on the sample. After 1 min, the surface covered with sample was measured through the diameter in two orthogonal directions with the aid of the graph paper, and the medium diameter was calculated. This procedure was repeated adding new plates at 1-min intervals until the measured diameters did not show any perceptible variation (Borghetti & Knorst, 2006) . The spreadability and the spreadability factor were calculated according to Eqs. (1) and (2), respectively:
where Si is the spreadability for each weight, d is the mean diameter, Sf is the spreadability factor, Si is the sum of spreadability and wi is the accumulated weight. The value of Si obtained in the limit where a subsequent addition of weight caused no significant changes in the area of the supporting plate covered by sample was taken as the maximum spreadability. The stress limit was calculated based on the weight that led to the maximum spreadability. All the analyses were made three times at room temperature (∼20 • C).
Rheological characterization
Rheological measurements were carried out in a rotational rheometer (Ares, TA Instruments, New Castle, USA), using parallel plate geometry (50 mm of diameter, gap of 1.50 mm). All measurements were performed at 25 ± 1 • C.
Flow curves were obtained by recording shear stress values when shearing the samples at increasing shear rates from 0.1 to 120 s −1 with increments of 4 s −1 and then at decreasing rates in reverse sequence. The data for the increasing shear rate phase of the test were fitted to the Ostwald-de-Waele (power law) model (Eq. (3)):
where represents the shear stress, K the consistency index, ˙ the shear rate and n the flow index. Frequency sweep tests in the linear viscoelastic region (LVR), determined through strain sweep tests, were also performed for evaluation of the behavior of the storage (G ) and loss (G ) modules as a function of the frequency. The strain sweep tests were conducted in a low (10 rad s) and in a high (500 rad s) frequencies.
Then, there were evaluated the linear region in both frequencies, and the frequency sweep tests were conducted with the strain from this area.
Statistical analysis
The data reported in all results were subjected to one-way analysis of variance (ANOVA) and the Tukey Test (95% significance), using the software Statistica 8.0 for Windows (Statistica 8.0; Statsoft, Tulsa, OK, USA).
Discriminative sensory analysis
The discriminative sensory analysis of the proposed formulations and respective controls was performed according to the paired comparison experimental design. A total of 48 judges no trained, men and women, aged between 19 and 52 years, participated in this study, after being informed about the research goals and procedures and signing the terms of informed consent. People with sleep disorders, previous cases of allergy or health problems, pregnant women and smokers were excluded from this research. The protocol was approved by the Research Ethics Committee of Federal University of Rio Grande do Sul (CEP-UFRGS: Comitê de Ética em Pesquisa da Universidade Federal do Rio Grande do Sul), number 640.828.
The judges evaluated each pinhão formulation (PG and PE) compared to the respective controls (CG and CE). The sensory attributes considered were: spreadability (ease of distributing the product over the skin), immediate and residual stickiness (intensity of finger adherence to the skin), oiliness (greasy sensation on the skin), peachy film (feeling peach skin) and perception of the product on the skin after 5 min. Therefore, when the consumers answered that they could perceive a difference between the samples with regard to each one of the considered sensory attributes, they were asked which sample was more intense in relation to that attribute.
The samples were identified with 3-digit numeric codes. The judges washed their hands and forearms, up to the elbow, with neutral soap without perfume. Circles of 51 mm diameter were drawn on each forearm using an open mold. The samples (∼0.5 g) were applied by judges in the circles on the forearms and evaluated in pairs (PG versus CG and PE versus CE). The experiment was performed in a room at 20 • C, and 60-70% relative humidity. The statistical analysis was performed using a comparison between the preferences of the consumers by a two-proportion bilateral test.
Analysis of cosmetic properties
The potential of formulations for skin application was evaluated by the values of erythema index and skin pH determined using noninvasive probes specific for the equipment Multiple Probe Adapter MPA (Courage Khazaka Electronic GmbH, Germany). Erythema related to skin irritation potential and skin pH were evaluated by Mexameter ® MX18 and Skin-pH-Meter ® probes, respectively. For this study, the samples were submitted to 10 untrained judges, women aged between 20 and 30 years. This analysis was performed after sensory analysis, respecting the minimum application time of 20 min. The sample application procedure followed the same protocol described for the sensory analysis and was approved by the Research Ethics Committee of the Federal University of Rio Grande do Sul (CEP-UFRGS: Comitê de Ética em Pesquisa da Universidade Federal do Rio Grande do Sul), number 336.233.
Results and discussion
Stability of semisolid formulations
The stability of the semisolid formulations was evaluated by comparing the results of the considered properties (pH, content of phenolic compounds, antioxidant activity by ABTS, spreadability factor (Sf), and rheological characterization, K and n parameters) for the fresh sample and the sample after six heating/freezing cycles. These results are shown in Table 2 . The results of the centrifugation assay demonstrated that all the formulations evaluated, before and after the stress cycles, were considered stables by this test. It can be assumed because none of them presented phase separation, creaming or coalescence.
The pH values of the formulations (Table 2 ) ranged from 6.17 to 6.37, with all the formulations being within the range considered most suitable for the topical delivery products, that is, 4.5-7.5 (Casteli et al., 2008; Leonardi, Gaspar, & Campos, 2002) . No significant changes in pH were observed for any of the formulations after the heating/freezing cycle. This result showed that the pH of all formulation is stable at temperature variation and storage. The data also confirmed that pinhão starch and pinhão coat extract when are added in gel and emulgel formulations maintained constant weak acidic pH during the thermal stress.
Regarding phenolic compounds, the formulations with pinhão (PG and PE) presented a higher content of these compounds than the respective controls (CG and CE) due to the use of the pinhão seed coat. The internal pinhão seed coat presents 345 ± 7 mg EC/g w.b. (Cordenunsi et al., 2004) and the pinhão coat aqueous extract presents 6.55 ± 0.08 mg EC/g w.b. (Cladera-Olivera, 2008) . There are many potential natural extracts that can be used in cosmetic which are good sources of phenolic compounds. It should be point out that these results are related to phenolic content of the extract, not to the phenolic content of the cosmetic formulation. To the best of our knowledge, there are no studies contemplating phenolic compound values in cosmetic formulations.
The total phenolic compounds did not change after the heating/freezing cycles, so the antioxidant activity of the pinhão formulations is expected to be unaffected by the thermal stress, confirmed by the results of the ABTS tests (Table 2) . Additionally, Table 2 shows that the emulgel formulation (PE) showed higher antioxidant activity than the gel formulation (PG) because the emulgel formulation contains other ingredients with antioxidant activity such as sunflower oil.
According to Floegel, Kim, Chung, Koo, and Chun (2011) , ABTS assay has one of the best correlation with phenolic compounds from fruits and vegetables. Vegetables are rich in antioxidant substances that are used as natural protection from the free radical formed by UV radiation necessary for photosynthesis. Many vegetable extracts when applied in animal models or cell cultures neutralize the reactive radicals, reducing cellular damage to proteins, lipids, and fatty acids. Some of these compounds extracted from plants are polyphenols, flavonoids and indoles (F'Guyer, Afaq, & Mukhtar, 2003; Nikolic, 2006) . The pinhão coat has the flavonol quercetin in significant amounts in both internal and external seed coats (Cordenunsi et al., 2004) .
Formulations PG and PE showed a spreadability factor (Sf) lower than the respective control formulations, i.e., they spread less than the controls when a force was applied. However, their Sf values were close to the range designated by Milan, Milão, Souto, and Corte (2007) as the more adequate for emulsions for dry skin treatment, between 4 and 5 mm 2 /g. The lower spreadability factor of the pinhão formulations, PG and PE, were in agreement with the higher viscosity presented by these samples when compared to the control samples (CG and CE, respectively), as seen in the flow curves of Fig. 1 . This higher viscosity of the pinhão formulations can be attributed to the thickening effect of the starch and to their lower water content. In addition, the emulgel formulations (PE and CE) showed lower viscosity than the respective gel formulations (PG and CG, respectively). Fig. 1 also shows that all formulations demonstrated pseudoplastic behavior, as confirmed by the respective flow index values in Table 2 . Pseudoplasticity is a desirable rheological property in cosmetic formulations because it improves application and spreading, providing a pleasant sensory feeling (Guaratini et al., 2006) .
The results of the frequency sweep tests in the dynamic mode are presented in Fig. 2 . All formulations exhibited G values longer than G over the applied frequency, confirming the gel Pinhão gel (PG), control gel (CG), pinhão emulgel (PE) and control emulgel (CE) formulations. Sf, spreadability factor; K, consistency index; n, flow index. * The same letters in column not differ by Tukey-test (p > 0.05). ** The dash (-) symbol in a line indicates that the content of the substance in the respective sample is below the detection limit of the method under consideration. character and good storage stability. This behavior was also reported by Maalej et al. (2014) that studied the exopolysaccharide hydrogel from Pseudomonas stutzeri AS22. The ratio G /G was greater than 3 for all fresh samples, indicating that all fresh samples can be classified as strong gels according to the classification of Lapasin and Pricl (1995) . After thermal stress, PG and CG maintained this ratio; however, PE and CE showed this ratio only at low frequencies, until 400 and 200 rad s −1 , respectively. In general, the semisolid formulations with G > G tend to be more stable (Brummer, 2006) .
Concerning the stability of the formulations, the spreadability factor (Sf) of the pinhão formulations (PG and PE) did not show any significant (p > 0.05) change after the heating/freezing cycles, unlike the control formulations.
The effect of the temperature stress cycles on the rheological parameters obtained by steady and dynamic shear rheometry was different from the effect on the spreadability factor. The PG formulation presented the highest viscosity variation after the thermal cycles, with an increase in viscosity as indicated by the values of K in Table 2 . This behavior could be observed after the stress conditions in emulsions obtained from emulsifying and thickening polymers and waxes (Casteli et al., 2008; Guaratini et al., 2006; Külkamp-Guerreiro et al., 2012) . The behavior is likely to be related to the evaporation of water from the formulations (Pianovski et al., 2008) causing an increase of thickening agent concentration (in this case, pinhão starch). Also, PG formulation is the unique that has the polymers Carbopol 940 and pinhão starch together. Pinhão starch has the capability to form gels in presence of water and heating. The combination of these two polymers that form gels can result in higher viscosities and greater variations in viscosity probably due to a symbiosis between them. However, the emulgel containing pinhão (PE) presented the opposite behavior, with a decrease of the viscosity after the heating/freezing cycles. Even though this formulation contains the same polymers, Carbopol 940 is in a lower proportion and there is an emulsion with an oil phase on it. It is possible to see the slightly viscosity decrease after thermal stress, but the formulation did not present any phase separation or coalescence. Differences relative to the behavior observed for the spreadability factor were also found for the dynamic moduli. For all formulations, the viscous modulus (G ) was not affected by the thermal stress. However, samples CE and PE presented a greater loss of elastic modulus (G ) after the thermal stress cycles. The results discussed in the last two paragraphs indicate that there is no straightforward correlation between the spreadability factor and the measured rheological material functions. The lack of correlation could be a consequence of the fact that the flow pattern in the spreadability test, contrary to what occurs in the flow between parallel plates (used for the determination of viscosity, G and G ), is not a pure shear flow, containing a relevant elongational contribution.
Many different sources of starch granules have been studied with respect to their emulsion stabilizing capacity. In general, starch molecules are hydrophilic and native starch granules are in most cases not suitable to adsorb to the oil-water interface of an emulsion (Rayner et al., 2014) . However, as other studies that had successfully used native starch granules to stabilize emulsions (Li, Li, Sun, & Yang, 2013; Timgren, Rayner, Sjöö, & Dejmek, 2011) , native pinhão starch was gelatinizing during the formulations development demonstrating that it is a good starch source to stabilize emulsion and increase gel and emulgel viscosity.
Sensory analysis and cosmetic properties
Sensory analyses are considered a quality guarantee because sensory analysis is an integrated multidimensional measure, having important advantages such as being able to evaluate how many tasters like or dislike a product, defining important sensory characteristics of a product quickly and being able to detect features that could not be detected by analytical procedures such as product acceptance by the consumer (Muñoz, Civille, & Carr, 1992) .
The results of the discriminative sensory analysis for the gel formulations, PG and CG, are presented in Table 3 . Among the sensory parameters considered, the panel was able to differentiate the samples only relative to stickiness. For this attribute, PG was considered more intense for most of the judges. This parameter can be noticed probably because of the higher viscosity and K value ( Table 2) of PG formulation. In discriminative sensorial analysis, the focus is the difference between specific attributes of different samples. It is possible that two samples correspond to different formulations, although the differences are not noticed by the consumers (Lawless & Heymann, 2010) .
The corresponding results for the emulgel formulations are shown in Table 4 . The sensory attributes of these formulations were much more affected by the presence of pinhão in the formulation, because the judges noticed differences in almost all parameters analyzed. According to the responses obtained, PE was characterized as having a higher spread capacity on the skin, lower stickiness, better feeling of peachy film and lower perception on the skin 5 min after application. The PE spread better and did not leave a residual sensation on the skin.
Pinhão starch granules have medium particle size of approximately 15 m, present a mixture of rounded and oval granule shapes, with smooth granules surfaces, are insoluble in cold water, but can gelatinize in low temperatures, between 50 • C and 60 • C. The powder color is white and shows a partial crystallinity (Daudt et al., 2014) . These are good characteristics to use pinhão starch in cosmetics as viscosity and sensory enhancer, as can be noticed by the volunteers. Also, the low gelatinization temperature could be a good economic approach for cosmetic industries that use gelatinized starch.
In addition, for all formulations, the erythema measurements revealed no statistically significant differences between the values on treated and untreated skin, indicating that all formulations were well tolerated, without inducing any visible skin irritation. Pinhão starch granules characteristics can help formulation to be well accepted by volunteers. These results also demonstrated that pinhão coat extract can be used with no intolerance in human skin.
The values of skin pH after application of the developed formulations ranged from 5.4 to 5.8, with no statistical differences between formulations or in the skin, indicating that their use did not cause significant alteration in this parameter. Hence, relative to this parameter, the formulations studied are appropriate for cosmetic usage and are in the range of healthy skin (pH between 4.6 and 5.8) (Leonardi et al., 2002) .
Conclusion
The results of this work contribute to the understanding of the physical and chemical stability of cosmetics by using thermal stress to predict possible changes in these products. Pinhão, as starch and coat extract forms, were successfully added in gel and emulgel formulations improving spreadability stability and increasing viscosity in basic formulations. Through thermal stress stability test is possible to affirm that all formulations showed stability and maintained physical aspects and rheological behavior, which is very important in the development of topical formulations.
This new source of starch in cosmetics has good characteristics to be used in these type of formulations studied, with the advantage of making a rational use of one specie which is unexplored in cosmetic industry. Pinhão is a good starch source and the incorporation of the coat (that is normally discharged as a waste) in the formulation as an extract can be a source of phenolic compounds (flavonoids and tannins) with antioxidant activity potential. There were obtained good values of phenolic compounds and antioxidant activity in pinhão formulations, but more studies are required to affirm this activity in human skin.
In addition, the study with volunteers showed that the formulations did not induce any skin irritation or cutaneous pH alteration. Finally, the sensory analysis permitted the conclusion that the emulgel formulation is the best vehicle for adding pinhão starch and pinhão coat extract.
